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SUmARY 

Metoclopramide-d3 with the three deuterium atoms in the methoxy function 

ortho to the benzamide group was synthesized. A previously published synthesis 

was followed but was extensively modified in the final steps to increase 

overall yield. Structure was verified by NMR and GC-MS. 
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INTRODUCTION 

Metoclopramide, 4-Amino-5-chloro-N-[(diethylamino)ethylI-2-metho- 

xybenzamide, I-, (Figure I), is an anti-emetic comnonly used world-wide 

in human therapy (1,Z) 
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The pharmacokinetic parameters and metabolic t ransformat ions ( i n  

animals and man) o f  metoclopramide had been determined and publ ished by 

numerous i n v e s t i g a t o r s  though the  r e s u l t s  do no t  seem completely 

super i mpos abl  e (3-10) 

A l l  t he  a n a l y t i c a l  methods publ ished thus f a r  have used a r e l a t e d  

substance, such as b r o m p r i d e  - 1 1 1  (F igu re  If, f o r  t h e  i n t e r n a l  standard 

i n  t h e  a n a l y t i c a l  procedure (10)  . 

To improve the  prec is ion,  accuracy and r a p i d i t y  o f  our q u a n t i t a t i -  

ve G U M S  method we decided t o  synthesize D3-metoclopramide, 4-Amino-5- 

ch 1 oro-N-[ ( d i  e t h y l  ami no ) e t h y l  1 - 2 - t r i  deuteromet hoxybenzami de, - I I ( F i  gure 

I), t o  be used as t h e  i n t e r n a l  standard. D3-metoclopramide i s  a l so  

being used i n  the  s tab le  isotope method o f  determining metabolic 

t ransformat ions both i n  animals and man. 

We the re fo re  r e p o r t  t h e  complete synthes is  o f  D3-metoclopramide. 

To improve t h e  y i e l d  we used a v a r i a t i o n  o f  t h e  method developed 

by S E S I F  i l l u s t r a t e d  i n  F igu re  11, 

I n  our present work we have e s s e n t i a l l y  modi f ied on ly  t h e  order i n  

which the  reac t i ons  are performed i n  order t o  increase the  y i e l d  o f  t he  

D3-analog. Our r e a c t i o n  schemes are presented i n  F igures I11 and IV. 

Represented i n  F igu re  I1 are t h e  syntheses which are comnon t o  both t h e  

na tu ra l  and the  deuterated analog. Presented i n  F igure IV are the  

react ions ir l which t h e  na tu ra l  and the  deuterated analogs d i f f e r .  

HATERIALS AND SETHODS 

A l l  i n f r a r e d  spectra were recorded on a Beckman Model IR4230 

i n f r a r e d  spectrophotometer. 

A1  1 ‘ti-Nuclear Magnetic Resonance Spectra were recorded on a 

Perkin-Elmer Model R-12 60 Megahertz NMR spectrometer. 

A l l  me l t i ng  po in ts  are uncorrected and were determined on a 
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M e t t l e r  FP61 instrument. 
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A quadrupole R10-10 Mass spectrometer (Nermag, Ruei 1-Malmaison, 

France) coupled through a j e t  separator t o  a G i rde l  Series 31 gas 

chromatograph (De ls i  , Suresnes, France) was used. The chromatograph was 

f i t t e d  w i t h  a 2.1 meter g lass column packed w i t h  3 % OV-1 on Chromosorb 

WAW - DMCS. 

The temperatures were 290°C f o r  both t h e  i n j e c t o r  and the  

i n t e r f a c e .  The i o n  source temperature was maintained a t  100°C w i t h  a 

pressure o f  2 x l o m 4  t o r r  f o r  t he  i o n i z i n g  gas (NH3). The i o n i z i n g  

cu r ren t  was 230 PA and the  i o n i z i n g  vo l tage was 70 eV. Mass spect ra 

were recorded a t  a scan speed o f  2 ms/a.m.u. w i t h  u n i t  reso lu t i on .  

R Methelute ( t r i m e t h y l  ani 1 i n i  um hydroxide) and pentaf luoropropio-  

n i c  ac id  anhydride were purchased f rom Pierce Chemical Company 

(Rockford, ILLINOIS , U.S.A.). 

A l l  o ther  reagents and so lvents  used, e i t h e r  o f  syn the t i c  o r  

a n a l y t i c a l  grade, were purchased e i t h e r  f rom Merck Chemical Company o r  

A l d r i c h  Chemical Company. 

Authentic metoclopramide was obtained as a g i f t  from Laborato i res 

Delagrange (Par is ,  France). 

REACTION (1 1 - Preparation of 4-Amino-2-hydroxybenzoic acid methyles- 

ter, IX. 

30.6 g. (0.2 M) o f  4-Amino-2-hydroxybenzoic acid, - V I I I ,  d isso lved 

i n  81 m l  o f  methanol con ta in ing  20 m l  o f  concentrated H2S04, were 

heated a t  r e f l u x  f o r  8 hours. The m ix tu re  was then evaporated t o  

dryness under reduced pressure. The r e s u l t i n g  c r y s t a l l i n e  res idue was 

d isso lved i n  500 m l  o f  10% aqueous s o l u t i o n  o f  potassium bicarbonate 

and subsequently ext racted w i t h  dichloromethane. The organic phase was 

d r i e d  over sodium s u l f a t e  and the  organic so lvent  e l iminated under 
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FIGURE I : Metoclopramide, - I, D3-Metoclopramide, g, Bromopride, E, Trime- 
thy 1 Metoc 1 oprami de , - I V , Tri met hy 1 D3-Motoc 1 opr ami de , - V , N-Pent a- 

fluoropropionyl Metoclopramide, E, and N-Pentafluoropropionyl D3 

-Metoclopramide, - VII. 
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FIGURE I1 : Previous Synthesis o f  Metoclopramide, L. 
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FIGURE I11 : F i r s t - h a l f  of Synthesis o f  Metocloprarnide, I, and D3-Metocloprami- 

de, I_I. 
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FIGURE IV : Second-half o f  synthesis o f  Metoclopramide, 1, and D3-Metoclopra- 

mide, 11. - 
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reduced pressure. The 27.6 g. of crystalline powder of 2 obtained had 
a melting point of 119.5”C and corresponded to an 81 % yield. The 

product in a KBr pellet had characteristic infraped bands for OH(3475 

cm-’), NH2(3245, 3380 and 1280 cm-’) and CO(1715 cm-’). The ’H-NMR 

spectrum in CDC13 yielded a singlet (3 protons) at 3.85 ppm, a 

multiplet (4 protons) at 6.15 ppm, a singlet (1 proton) at 7.65 ppm and 

a singlet (1 proton) at 11.0 ppm. 

v 

REACTION (2 )  - Preparation , o f  4-(Acetylamino)-2-hydroxybenzoic acid 

methylester, X. 

20 g. (0.13 M) of the ester were dissolved in a minimum volume 

of absolute ethanol or glacial acetic acid. 11.5 ml of acetic anhydride 

were added and stirred continuously for 1 hour. The solvents were then 

evaporated under reduced pressure. The resulting residue was disssolved 

in about 25 ml o f  1 N NaOH, precipitated by 1 N HCl, extracted by 

chloroform or dichloromethane, dried over magnesium sulfate and 

evaporated under reduced pressure. The 23 g. of crystalline powder of 

- X obtained had a melting point of 152OC and corresponded tO a 94 % 

yield. The product in a KBr pellet had characteristic infrared bands 

for OH(3400 cm-’), CO(1700 and 1650 cm-’) and C00CH3(1250 cm-’1. 

The ’H-NMR spectrum in CDC13 had 3 doublets (1 proton each) at 7.2 ppm 

(J1=3 Hz, J2= 12 Hz), 7.5 ppm (J=3 Hz)  and 7.85 ppm (J=12 Hr). There 

were also 2 singlets (1 proton each) for the NH proton at 10.0 ppm and 

the OH proton at 10.9 ppm and two other singlets 3 protons at 2.2 ppm 

(CH3-COl and 4.0 ppm (3 protons CH3-O). 

REACTION (3) - Preparation of 4-fAcetylarino)-5-chloro-2-hydro%ybenzoic 
acid methylester, XIV .  

20.9 g. (0.1 MI of the amide - X were dissolved in 300 ml of a 

mixture of dichloromethane and crystallizable acetic acid ( 1:1, v/v). 
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This mix ture was cooled t o  -10°C by a mixture o f  ice,  water and s a l t .  

Chlor ine gas was bubbled through t h e  m ix tu re  u n t i l  t h e  weight increased 

by 3.55 g. and the  m ix tu re  allowed t o  r e t u r n  t o  ambient temperature 

dur ing one hour w h i l e  being agi ta ted.  The m ix tu re  was then a l k a l i n i z e d  

w i t h  potassium carbonate and ex t rac ted  w i t h  dichloromethane. The 

organic phase was d r i e d  over magnesium s u l f a t e  and evaporated under 

reduced pressure, The 16 g. o f  a c r y s t a l l i n e  powder o f  - X I V  obtained 

a f t e r  r e c r y s t a l l i z a t i o n  i n  absolute ethanol corresponded t o  a 63 % 

y i e l d  and had a me l t i ng  p o i n t  o f  170°C. The product i n  a K B r  p e l l e t  had 

c h a r a c t e r i s t i c  i n f r a r e d  bands f o r  OH(3350 crn-l), NH(3280 cm-'1, 

co (es te r  (1700 cm-'1, CO(,ide) (1650 cm-'1, and C=C(1590 cm-'1. 

The H-NMR spectrum i n  CDC13 had a t  2.2 ppm a s i n g l e t  o f  3 protons (CH3 

amide), a t  3.9 ppm a s i n g l e t  o f  3 protons (CH3-esterl, a t  7.8 ppm a 

s i n g l e t  of 1 proton (aromat ic) ,  a broadened peak o f  1 proton ( N H )  

centered a t  8.10 ppm, a sharp s i n g l e t  o f  1 proton (aromat ic)  a t  8.10 

ppm and a t  10.65 ppm a s i n g l e t  o f  1 proton ( O H ) .  

1 

G. Jarnet ef al. 

REACTION (4a) AND (4b) - PreDaration of 4-(Acetvl&no)-5-chloro-2-me- 

thoxybenzoic a c i d  m t h y l e s t e r ,  XIIa, and 4-(Acetylaino)-5-chloro-2- 

trideuteroaethoxybenzoic acid a e t h y l  ester ,  X I  I b. 

16 g (0.068 moles) o f  phenol - X I V  were d isso lved i n  160 m l  acetone, 

3.4 g (0.075 moles) o f  potassium carbonate were added along w i t h  0.068 

moles o f  d ime thy l su l fa te  (4a) o r  d i - ( t r i d e u t e r o l m e t h y l  s u l f a t e  (4b) .  

The mixture was r e f l u x e d  f o r  6 hours a t  60". 50 % potassium carbonate 

and 10 % dimethyl s u l f a t e  were then added and r e f l u x e d  f o r  4 hours. The 

so lvent  was removed i n  vacuo and t h e  res idue a l k a l i n i z e d  w i t h  1 N 

sodium hydroxide and ex t rac ted  tw ice  w i t h  dichloromethane. The organic 

phase was d r i e d  over magnesium s u l f a t e  and the  dichloromethane removed 

i n  vacuo. The products X I I a  and X I I b  were c r y s t a l l i z e d  i n  toluene and 

y i e l d e d  14.2 g (80 % )  methyl and 14.15 g (80 % )  t r ideuteromethy l  

respec t i ve l y .  A me l t i ng  p o i n t  o f  151-153°C was found f o r  both products. 

- - 
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The products i n  KBr  pe l l e t s  had charac ter is t i c  in f ra red  bands a t  : 

CO amide (1681 

cm-') C=C(1600 cm-') CH(3000-2800 cm-') f o r  both V I I a  and VIIb and 

CD(2040 cm-'1 f o r  - VIIb. The 'H-NMR spectra i n  C0Cl3 had a s ing le t  o f  

3 protons a t  2.2 ppm (CH3 CO-N) f o r  both - VIIa and - VIIb. A s ing le t  o f  6 

protons at 3.9 ppm was assigned t o  CH3-0 and CH3-OCO f o r  - V I I a  and 3 

protons (CH3-OCO) f o r  - VIIb. A sharp s ing le t  on a broadened peak 

in tegra t ing  f o r  2 protons t o t a l  a t  7.8 ppm f o r  the aromatic and NH 

respectively was found. A s ing le t  o f  1 proton appeared a t  8.25 ppm 

(aromatic). 

NH(3410 cm-l and 1570 cm-'1, CO ester (1710 cm-'1 

REACTIONS (5a) AND (9) - Preparation of I-Mm-5-chloro-N-[(diethy- 

l a m i n o ) e t h y l 1 - 2 - l e t ~ ~ n z ~ ~ .  I .  Md 4-Mno-5-chloro-N-[ (dlethy- 

laminolethy1 3-2-trideuterorthoxybenz&de, 11. 

13 g (0.05 mole) o f  the methylesters XIIa. XIIb were heated a t  60" - -  
i n  28 m l  (0.20 mole) o f  N,N-diethylaminoethylamine f o r  16 hours. 

The mixture was s t i r r e d  w i th  di isopropyl ether and 1 N sodium hydroxide 

(1 : l  v:v) f o r  2 hours and allowed t o  stay a t  room temperature for the 

night.  The benzamide c rys ta l l i zed  a t  the in te r face  and was f i l t e r e d .  

The residue was ref luxed i n  a mixture o f  50 m l  hydrochloric acid and 80 

m l  o f  water f o r  lh30. After cool ing i n  i c e  the solut ion was a lka l in ized  

w i th  potassium bicarbonate, the metoclopramide precipi tated and was 

f i l t e r e d  o f f .  Recrys ta l l i ta t ion  i n  ethanol a f te r  decolorat ion w i th  

act ive charcoal y ie lded 10.4 g la and 10.5 g as c rys ta l l i ne  powders 

(69 % y i e l d )  wi th melt ing points o f  144°C f o r  both - I a  and - Ib. The 

products & and 2 i n  KBr pe l l e t s  had charac ter is t i c  in f ra red  bands 

for NH(3400 cm-') NH2(3300 cm-' 3230 cm-l), CH(2980-2800 

CO(2270-2240-2210-2040 f o r  - Ib, C=O (1630 C=C (1590 

The H-NMR spectrum i n  C D C l 3  had a t r i p l e t  o f  6 protons a t  1.05 ppm J=7 

Hz, (CH,-CH2), a quadruplet and a t r i p l e t  o f  6 protons t o t a l  a t  2.55 

1 
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FIGURE V : Chemical I o n i z a t i o n  (NH3) Mass Spectra o f  Trimethyl Metoclo- 

pramide, 2 ( a ) ,  Tr imethy l  D3-Metoclopramide, 1 ( b ) ,  

N-Pentafluropropionyl Metoclopramide, ( c ) ,  and N-Penta- 

f l u rop rop iony l  D3-Metoclopramide, fi ( d ) .  

and 2.57 ppm respec t i ve l y  J =  7 Hz assigned to CH2-CH3 and CH2-CH,-N. A 

t r i p l e t  o f  2 protons a t  3.30 ppm, J=7 Hz was assigned t o  CO-N-CH2-CH2 

-N. A s i n g l e t  o f  3 protons appeared a t  3.85 ppm f o r  La, absent i n  I b ,  

was assigned t o  CH30. A broadened peak o f  2 protons appeared a t  4.55 

ppm f o r  t he  NH2 group and a s i n g l e t  o f  1 proton a t  6.32 ppm f o r  t he  

aromatic proton meta t o  the  benzamide. A s i n g l e t  o f  1 proton appeared 

a t  8.12 ppm f o r  t he  aromatic proton o r tho  t o  the  benzamide and a 

broadened peak o f  1 proton appeared a t  8.20 ppm f o r  t he  NH amide. 
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RESULTS AND DISCUSSION 
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We were able t o  synthesize the required deuterium label led 

metoclopramide both by using a known synthesis d i r e c t l y  and by 

modifying the reaction order o f  t h i s  synthesis which improved the  

overa l l  y i e ld .  Structural  v e r i f i c a t i o n  was performed by 'H-NHR and I R  

of both the unlabel led and deuterium label led products. The disappea- 

rance o f  the unlabel led products charac ter is t i c  signals i n  'H-NMR was 

due t o  incorporation o f  deuterium atoms i n t o  the molecule and gave an 

ind ica t ion  tha t  the synthesis was successful. 

To confirm these indicat ions we der ivat ized both the unlabel led 

and labe l led  product w i th  the comnon reagents t r h e t h y l  an i l in ium 

hydroxide and pentafluoropropionic anhydride. The mass spectra were 

recorded under GC-MS (CI-NH3) condit ions and are presented i n  Figure V. 

The .mass o f  the quasi-molecular ions and o f  cer ta in  i nd i ca t i ve  

fragments o f  the labe l led  product increased by 3 a.m.u. This allowed us 

both t o  confirm the i d e n t i t y  o f  the product and t o  measure the iso top ic  

p u r i t y  which was determined t o  be 99.6% labe l led  product. 

The labe l led  product has proved useful both as the in te rna l  

standard i n  GC-MS(CI-NH3) determinations o f  the pharmacokinetic parame- 

t e r s  of  the natural product i n  man as wel l  as i n  determinations o f  the 

metabolic transformations i n  animals by co-administration w i th  the 

natural products. Reports on these works are forthcoming. 
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